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Wednesday, February 29, 2012 657athe amino-terminus to the virus surface and the carboxy-terminus inside of
the viral particle. In vitro studies have shown that synthetic coronavirus enve-
lope proteins oligomerize forming pentameric structures with ion channel
activity [2].
We have evaluated the ion channel activity of several synthetic peptides de-
rived from the transmembrane domain of SARS-CoV and HCoV-229E E pro-
teins by using planar bilayer electrophysiology of peptide oligomers in DPhPC
membranes. The conditions under which some of these peptides form ion chan-
nels and their properties at the single channel level were determined. The ion
channel activity of a collection of SARS-CoV E protein transmembrane do-
main derived peptides with point mutations showed that specific residues, map-
ping at the internal side of the pore, abolished the conductivity. The
conductance of the wild type SARS-CoV and HCoV-229E E protein derived
peptides was studied under different salt concentrations. At 1M solutions of
monovalent ion concentration conductance was lower than 1 nS, suggesting
that these peptides form relatively large channels. In contrast to previously pub-
lished data, selectivity measurements did not show a marked preference be-
tween cations and anions in our system. Possible causes of this divergence
will be analyzed.
[1] M. L. DeDiego et al. (2008) Virology 376:379-89.
[2] L. Wilson et al. (2004) Virology 330:322-31.
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The Alzheimer’s Ab peptides exhibit cell-selective toxic effects in cultured
cells and in neurons of Alzheimer’s disease (AD) brains. As we previously
showed ex vivo neuronal cells and cell lines consisted of subpopulations of cells
characterized by differential levels of a common surface membrane target for
the phosphatidyl-serine (PtdSer) specific binder annexin V and for the Alz-
heimer’s Ab peptidesbinding. These findings enable us to efficiently separate
by flow cytometry sorting PtdSer positive cells on a variety of neuronal cell
lines and ex vivo neurons and analyze their Ab-binding affinity. We collected
compelling data confirming the involvement of PtdSer as one of the surface
membrane signal molecules for Ab. This investigation used the persistent pres-
ence of PtdSer on the outer leaflet of the plasma membrane of PC12 cells to
identify, sort and further culture the subpopulation of cells that are PtdSer pos-
itive (PtdSerþ) and have high affinity to bind Ab, and consequently are more
likely to be harmed by Ab. Various viability tests showed that the group of cells
sorted as PtdSerþ was the most sensitive to Ab toxic effects. The caspase3/7
activation level of the PtdSerþ subpopulation of cells was similar to one of
the PtdSer negative (PtdSer-) subpopulation and the control cells. Therefore
we assume, PtdSerþ cells are not undergoing apoptosis. Additionally, PtdSerþ
cells have persistent higher levels of PtdSer on the outer leaflet of the plasma
membrane, significantly lower levels of cytosolic ATP, lower mitochondrial
mass and mitochondrial membrane potential, and slightly higher production
of reactive oxidative species compared to PtdSer- and control cells. We hypoth-
esize that all of these distinctive cellular and mitochondrial conditions are the
basis for the high sensitivity to Ab displayed by some selective cell lines and
neurons.
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Cell lysis can occur through the pathologic action of various membrane-
targeting toxins, of which the pore-forming toxin Staphylococcus aureus
a-toxin is a prominent example. Paradoxically, S. aureus a-toxin, which
forms monovalent cation permeable channels in the host cell plasma mem-
brane, has been observed to cause significant volume shrinkage in many
cell types. In HeLa cells we note a z45% decrease in cell volume 30-60
mins post a-toxin treatment in both interphase and mitotic cells. We show
that inhibition of the Naþ/Kþ ATPase pump with ouabain not only prevents
the cell shrinkage, but leads to cell volume expansion after exposure to
a-toxin. This suggests a-toxin mediated volume decrease occurs through
the upregulation of Naþ/Kþ ATPase activity because the 3:2 export:import
ratio of Naþ:Kþ leads to the loss of one osmolyte per cycle. We therefore
conclude that a-toxin induced cell shrinkage is an active cellular process
driven by the Naþ/Kþ ATPase and elucidate sub-lytic mechanisms of
pore-forming toxin assault.3337-Pos Board B198
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Diphtheria toxin has three domains: a C-terminal receptor-binding (R) domain,
a central translocation (T) domain, and an N-terminal catalytic (C) domain. Af-
ter the toxin binds to the target cell and undergoes endocytosis, it reaches an
acidic vesicle compartment. Here the T-domain translocates the C-domain
across the endosomal membrane to the cytosol, where it acts as a lethal enzyme.
T-domain added to the cis side of a planar lipid bilayer forms conducting chan-
nels in the presence of a pH gradient (e.g., 5.3 cis, 7.2 trans). Previous work has
identified three transmembrane segments of T-domain in the open channel
state, corresponding to TH5, TH8 and TH9 in the crystal structure. Residues
near either end of the TH6-TH7 segment are located on the cis side of the mem-
brane, based on the polarity of voltage-dependent channel block induced by an
attached peptide tag, as well as the effect of streptavidin binding to a biotiny-
lated residue. The TH6-TH7 segment (19 residues) is too short to span the bi-
layer as an alpha-helical hairpin, but it could as an extended hairpin structure.
We have constructed a series of mutant T-domains with a single cysteine res-
idue at positions in TH6-TH7, and probed for an effect of sulfhydryl-specific
methanethiosulfonate (MTS) reagents on the channel conductance. Interest-
ingly, at positions in the TH6-TH7 loop, MTS-ET reacts much more quickly
from the trans side than from the cis side. (This is despite the cis-positive volt-
age, which drives the cationic MTS-ET into the channel from the cis side.) This
suggests that these residues are located near the trans side, consistent with
a hairpin structure. We are comparing the cis-side vs. trans-side reaction rates
of an uncharged reagent (MTS-glucose) to more systematically determine the
transmembrane positions of TH6-TH7 residues.
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The in vitro evolution technology has been effectively applied to generate pep-
tides specifically bound to target molecule(s). In conventional methods, how-
ever, soluble proteins are mostly the target. We previously succeeded in
generating IL6 receptor agonists and antagonists by in vitro evolution from
a random peptide library with a three-finger type neurotoxin scaffold (Naimud-
din et al, 2011). The candidates were initially selected by binding to soluble
portion of IL6 receptor, and then confirmed by cell-based assay.
To apply in vitro evolution techniques to membrane proteins, however, optimal
solubilization/reconstitution is critical and is a major bottleneck in the process.
To overcome the problems, we have developed a new technique named
PERISS (intra periplasm secretion and selection) method. In this method, the
peptides and the target membrane protein are expressed in the periplasm and
in the inner membrane of E. coli, respectively. Interaction between the peptide
and the target, and the following selection are achieved in the periplasmic
space. The peptides interacting with the target proteins are collected as binding
complexes [peptide-target-E. coli]. The selected peptide sequence is encoded in
the plasmid in E. coli, and the corresponding DNA is amplified by PCR to pre-
pare the second round library.
To evaluate the PERISS method, we have expressed the muscarinic acetylcho-
line receptor m2 subtype in the inner membrane. The peptide library was con-
structed based on a neurotoxin GTx1-15 (34 aa) with an ICK motif, which we
originally isolated from the spider venom and characterized as a T-type calcium
channel blocker (Ono et al, 2011). After six round selections by the PERISS
method, selected peptides showed convergence in sequences. One of the pep-
tides showed moderate affinity (Kd
app ~300 nM) and subtype selectivity to
m2 receptor.
3339-Pos Board B200
Peptide-Gated DEG/ENaC Channels from Hydra Magnipapillata are
Highly Permeable for Calcium
Stefan Du¨rrnagel, Bjo¨rn Falkenburger, Stefan Gru¨nder.
RWTH Aachen University, Aachen, Germany.
DEG/ENaC ion channels are trimeric proteins, forming a heterogeneous group
of sodium-selective ion channels sensitive to the inhibitor amiloride. Most fam-
ily members known so far are impermeable to calcium. Only ASIC 1a (and pos-
sibly MEC-4) conduct calcium to a minor extent. To identify ancient properties
of this ion channel family, we have recently cloned five new DEG/ENaC
658a Wednesday, February 29, 2012subunits from the model organism Hydra magnipapillata. These subunits (Hy-
NaC 1-5) form heterotrimeric channels gated directly by endogenous neuropep-
tides. Together with FaNaC, a related ion channel from snails, HyNaCs are the
only known peptide-gated ion channels. Coinjection of HyNaC 2/3/5 in Xeno-
pus oocytes leads to expression of a peptide-gated cation channel with higher
permeability for sodium than for potassium.
Here we show that HyNaC 2/3/5 channels have a substantial permeability for
calcium, which is in the range of the purinergic P2X4 receptor. In Xenopus oo-
cytes, this calcium influx through HyNaC 2/3/5 strongly activates endogenous
calcium-activated chloride channels (CaCCs), leading to a biphasic current.
Blocking of the CaCCs reveals a step-like current without apparent desensiti-
zation. Moreover, we found that calcium permeability of HyNaCs is largely de-
pendent on a single acidic amino acid at the outer entry of the pore region.
Substitution of this acidic residue significantly reduces calcium permeability.
The homologous position has been previously reported to be involved in cal-
cium modulation of the related DEG/ENaC channel ASIC 1a (Paukert 2004).
Collectively, these results suggest that HyNaCs might play an important role
in calcium signalling in vivo.
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Sea anemone venom is a known source of interesting bioactive compounds, in-
cluding peptide toxins which are invaluable tools for studying structure and
function of voltage-gated potassium channels. APETx3 is a novel peptide iso-
lated from the sea anemone Anthopleura elegantissima, containing 42 amino
acids cross-linked by 3 disulfide bridges. Sequence alignment reveals that
APETx3 is a natural occurring mutant from APETx1, only differing in 1 amino
acid at position 3. APETx1 is believed to be a selective modulator of human
ether-a´-go-go related (hERG) potassium channels. In this study, APETx1, 2
and 3 have been subjected to an electrophysiological screening on a wide range
of 21 ion channels expressed in Xenopus leavis oocytes: 10 cloned voltage-
gated sodium channels (NaV1.2-NaV1.8, the insect channels DmNaV1,
BgNaV1-1a and the arachnid channel VdNaV1) and 11 cloned voltage-gated
potassium channels (KV2.1, KV3.1, KV4.2, KV4.3, KV7.1, KV7.2, KV7.3,
KV7.4, KV7.5, hERG, the insect channel Shaker IR). Surprisingly, the Thr3Pro
substitution results in a complete abolishment of APETx3 modulation on hERG
channels. However, the same substitution provides this toxin the ability to be-
come a potent modulator of voltage-gated sodium channels (NaVs). APETx3
slows down the inactivation of mammalian and insect channels similar to
site 3 toxins such as a-scorpion toxins and sea anemone NaVs toxins. Our
screening reveals that the homologous toxins APETx1 and APETx2 display
promiscuous properties as they are also capable of recognizing NaV channels,
causing an inhibition of the sodium conductance.
All together, these data provide new insights in key residues which allow these
toxins to recognize distinct ion channels with similar potency but with different
modulatory effects. Furthermore, we describe for the first time the target pro-
miscuity of a family of sea anemone toxins believed to be highly selective.
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The peptide Discrepin, isolated from the venom of the buthid scorpion Tityus
discrepans, blocks preferentially the IA currents of the voltage-dependent Kþ
channel of rat cerebellum granular cells. There are only six scorpion toxins
known in the sub-family a-KTx15 and Discrepin is the one with the least iden-
tity (approx. 50%) when compared to the others. Furthermore it is the only one
whose action on the blockade of the IA current is irreversible. In order to find
out which residues are important for the blocking effects of discrepin, two mu-
tants were chemically synthesized ([V6K,D20K] and K13deleted), correctly
folded and their physiological properties were examined. Electrophysiological
experiments performed with the double mutant V6K-D20K show that increas-ing the number of positive charges augments the blocking activity: the affinity
for the voltage-dependent Kþ channels increases 10 folds when compared to
the native peptide. Viceversa, the deletion of the lysine residue at position 13
removes the interation of toxin with the channels, confirming the essential
role of positive charges played in channel blockade. Additionally, comparative
analysis of 3D-structure models of the mutants V6K, D20K and V6K-D20K
suggests that probably the N-terminal segment of Discrepin might be the sur-
face implicated in the recognition of the ion-channel.
3342-Pos Board B203
Crotamine Toxicity Revisited: Novel Insights Based on KV Channel
Inhibition
Jan Tytgat1, Steve Peigneur1, Diego Jose Belato y Orts2,
Alvaro Prieto da Silva3, Nancy Oguiura4, Malvina Boni-Mitake5,
Andre´ Junqueira Zaharenko3.
1Laboratory of Toxicology, University of Leuven (K.U. Leuven), Leuven,
Belgium, 2Departamento de Fisiologia, Instituto de Biocieˆncias,
Universidade de Sa˜o Paulo, Sa˜o Paulo, Brazil, 3Laborato´rio de Gene´tica,
Instituto Butantan, Sa˜o Paulo, Brazil, 4Laborato´rio de Ecologia e Evoluc¸a˜o,
Instituto Butantan, Sa˜o Paulo, Brazil, 5Gereˆncia de Radioprotec¸a˜o, IPEN,
CNEN, Sa˜o Paulo, Brazil.
Crotamine, a 5KDa peptide possesses a unique biological versatility. Not only
its cell-penetrating activity has become of clinical interest but moreover, its po-
tential selective anti-tumor activity is of great pharmacological importance. Be-
fore, several studies have attempted to elucidate the exact molecular target
responsible for the crotamine-induced skeletal muscle spasm. The aim of this
study was to investigate whether crotamine affects voltage-gated potassium
(KV) channels in an effort to explain its in vivo effects.
Crotamine was studied on ion channel function using the two-electrode voltage
clamp technique on 16 cloned ion channels (12 KV channels and 4 NaV chan-
nels), expressed in Xenopus laevis oocytes.
Crotamine selectively inhibits KV1.1, KV1.2 and KV1.3 channels with an IC50
of ~300 nM and the key amino acids responsible for this molecular interaction
are highlighted. Our results demonstrate for the first time that the symptoms
which are observed in the typical crotamine syndrome may result from the in-
hibition of KV channels.
The ability of crotamine to inhibit the potassium current through KV channels
unravels it as the first snake peptide with the unique multifunctionality such as
cell penetrating, antitumoral activity and KV channel inhibiting properties. The
potent and selective KV channel inhibiting properties, as demonstrated in this
work, can be an advantage for the use of crotamine or its derivatives as anti-
tumor drug. This new property of crotamine might explain some experimental
observations and opens new perspectives of pharmacological uses.
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Obesity is a global health problem and there is a pressing need for safe thera-
peutics. Here, we describe the anti-obesity effects of ShK-186, a Kv1.3-
selective peptide inhibitor with picomolar potency and an excellent safety pro-
file in rodents and monkeys. C57BL/J mice fed a diet containing high fat (21%)
diet and fructose solution (60%) were administered ShK-186 (20, 100 or 500
mg/kg) or vehicle on alternate days by subcutaneous injection. ShK-186-
treatment caused a dose-dependent reduction in weight gain over the 45-day
trial, the maximal weight difference being 30%. ShK-186-treatment reduced
plasma levels of triglyceride and free fatty acids without affecting cholesterol,
HDL, LDL or glucose. CT scan revealed significant reduction in volume of
white adipose tissue (WAT) in ShK-186-treated mice compared to vehicle-
controls. However, histology revealed no difference in cell size and fat content
of white fat cells. In metabolic cage experiments, ShK-186-treatment increased
cumulative intake of food and fluid compared to vehicle-treated mice, espe-
cially during the light-cycle. Furthermore, their respiratory exchange ratio
and energy expenditure were also higher. In PET experiments, ShK-186 treat-
ment increased uptake of 18-fluoro-deoxyglucose (18FDG) by brown adipose
tissue (BAT) and skeletal muscle compared to vehicle-controls; pre-adminis-
tration of the beta-adrenoceptor blocker propranolol (5mg/kg) inhibited
18FDG uptake by BAT but not skeletal muscle. ShK-186’s anti-obesity effect
appears to be mediated by activation of BAT and/or skeletal muscle, two im-
portant thermogenic tissues in the body.
